We analyzed the spontaneous adverse event database in Singapore to determine the types of cutaneous adverse drug reactions (CADRs) and causative drugs reported.
| INTRODUC TI ON
According to the World Health Organisation (WHO), an adverse drug reaction (ADR) is a response to a medicinal product which is noxious and unintended and which occurs at doses normally used in man. 1 Cutaneous ADRs (CADRs) are one of the most common ADRs, [2] [3] [4] with an overall incidence rate of 2%-3% in hospitalized patients. 5 In the WHO global ADR database, VigiBase, skin and appendages disorders account for 18.3% of over 13 million ADR reports received from more than 100 countries, making it the third most frequently reported system organ class (SOC). 6, 7 As the national regulatory agency in Singapore, the Health Sciences Authority (HSA) receives around 20 000 ADR reports annually in the adverse event (AE) database, of which 60% were related to skin reactions.
The manifestation of CADRs can be very varied, ranging from mild, self-limiting reactions to severe cutaneous adverse reactions (SCARs) associated with significant morbidity and mortality, such as acute generalized exanthematous pustulosis (AGEP), StevensJohnson syndrome (SJS), toxic epidermal necrolysis (TEN), and drug hypersensitivity syndrome (DHS). CADRs are also associated with a wide range of drugs, with antimicrobials, NonSteroidal AntiInflammatory Drugs (NSAIDs), antiepileptics, and analgesics as the most frequently implicated drug classes. [8] [9] [10] [11] [12] While much is known about CADRs, information on the types of CADRs reported through the spontaneous ADR reporting system is limited. We seek to fill this knowledge gap with an analysis of a large dataset with over 100 000
CADR reports from a 10-year period from the HSA AE database.
Our objectives are to determine the types of CADRs and associated drugs reported to the HSA AE database, to identify characteristics of the at-risk population, and to identify associations between CADRs and drugs.
| MATERIAL S AND ME THODS

| Data source
In Singapore, spontaneous AE reports are submitted to HSA and captured into the national AE database. These reports come primar- For each report, AEs were coded using the WHO Adverse
Reaction Terminology (WHO-ART), drugs were classified using the Anatomical Therapeutic Chemical (ATC) Classification System, and causality was assessed based on the WHO Uppsala Monitoring
Centre (WHO-UMC) causality assessment system.
| Inclusion criteria
Spontaneous AE reports which met the following criteria were included in our study: (1) report was received between 2006 and 2015, (2) reported AE belongs to the SOC of "Skin and Appendages
Disorders" and (3) causality was assessed as certain, probable or possible.
| Data extraction, collation, and analysis
Anonymized data with basic demographic information, reporters' profession, AE description, patient outcome, and suspected drug(s)
were extracted from the AE database.
To facilitate analysis, WHO-ART preferred terms used for coding the CADRs were grouped into 21 reaction types. From these,
10 CADRs-of-interest were selected for in-depth analysis based on clinical relevance.
| Statistical analysis
All variables were analyzed by applying descriptive statistics using Statistical Package for the Social Sciences (SPSS) Inc., Chicago, IL, USA, version 24.0.
This study was approved by the National University of Singapore Institutional Review Board. The types of CADRs reported and their frequencies are listed in Table 2 . Rash (including nonspecified rash, follicular rash, maculopapular rash, and vesicular rash) was most frequently reported (67.2%), followed by angioedema (13.9%) and pruritus (7.4%). SCARs such as SJS/TEN, AGEP and pustular rash, and DHS were reported less frequently, in 0.7%, 0.5%, and 0.2% of the reports, respectively. 
| RE SULTS
| D ISCUSS I ON
In this study, we analyzed a large volume of spontaneous AE reports and highlighted the various patterns of CADRs and their implicated our larger sample size allows for greater power and better capture of the variety of CADRs, specifically the less frequently reported ones.
CADRs are the most commonly reported AEs by organ class, constituting about 60% of all AE reports received by HSA. This is due to CADRs being more visible and easily recognizable, leading to less underreporting as compared to other AEs. The most frequently reported CADR was rashes (inclusive of nonspecified rash, follicular rash, maculopapular rash, vesicular rash) (67.2%), although a large proportion of these were simply reported as "rash". Typically, such rashes are considered nonserious, and hence reported with scanty information. We also received a disproportionately higher number of AE reports for SCARs compared to other CADRs, suggesting that SCAR cases tend to be reported more conscientiously by healthcare professionals, as it is critical to document these in the electronic medical records to prevent reexposure which could be life-threatening.
The top implicated drug classes in our study, namely antimicrobials (43.5%), NSAIDs (16.2%) and analgesics (9.0%) are similar to that reported in an Italian study. 8 These tend to be associated with nonserious CADRs such as angioedema, urticaria, FDE, and bullous eruption ( antibiotics-induced angioedema is likely due to type I hypersensitivity, NSAIDs-induced angioedema is considered a nonallergic reaction, attributed to cyclooxygenase (COX) inhibition, leading to the shunting of arachidonic acid toward the production of excessive leukotrienes which are mediators for swelling. 17, 18 This pathophysiology explains why COX-2 inhibitors are better tolerated compared to nonselective NSAIDs, and our study's observation is consistent with this: Angioedema is commonly reported with nonselective NSAIDs (eg diclofenac, ketorolac, etc.), but not so with COX-2 inhibitors (eg etoricoxib) ( Table 4) . As for paracetamol-induced angioedema, the mechanism is still not well understood, with both IgE-mediated pathway and leukotriene production being possible. 
| Urticaria
While angioedema is characterized by deep swelling in the submucosal or subcutaneous tissue, urticaria is associated with transient swelling of the skin. 20 Drug-induced urticaria can be immunologically mediated (eg with antibiotics), or nonimmunologically mediated (eg with NSAIDs) 5, 21 Our study also observed radiocontrast media, specifically iohexol, as a frequent causative agent for urticaria. It 
| Fixed drug eruption (FDE)
Drugs, specifically NSAIDs and antibiotics, are the most common cause of FDEs, and our findings reflect this. Interestingly, a retrospective chart review by the Singapore National Skin Center 35 also identified etoricoxib as the most common cause of FDE, accounting for 38.7% of 62 FDE patients. In that study, three-quarters of the patients reacting to etoricoxib were Chinese patients, and this was also observed in our study. The possibility of genetic predisposition was considered, suggesting a genetic association resulting in higher incidence of etoricoxib-induced FDE in the local Chinese population. 
| Acute generalized exanthematous pustulosis (AGEP) and pustular rash
In a EuroSCAR study, 36 aminopenicillins, sulphonamides, and quinolones were found to be highly associated with AGEP, but not paracetamol and cephalosporins. In comparison, our results showed that all these drugs were frequently reported to cause AGEP, although in the paracetamol and ceftriaxone cases, one-third were accompanied with co-suspect drugs. While our database did not feature reports of (hydroxy)chloroquine, terbinafine and diltiazem-associated AGEP prominently (≤5 reports for each drug), the EuroSCAR study did detect them as culprit drugs which have a high risk of causing AGEP.
Different prescribing patterns and under-reporting of AEs could explain this. For similar reasons, we also identified different NSAIDs as causative agents: The EuroSCAR study reported oxicam-NSAIDs, as opposed to diclofenac and ibuprofen seen in our study.
| Bullous eruptions
Bullous eruptions encompass a range of clinical presentations such as pemphigus, bullous pemphigoid, and linear IgA bullous dermatosis. 5, 37 Pemphigus can be triggered via a biochemical pathway by thiol drugs (eg d-penicillamine, captopril, lisinopril) or phenol drugs (eg rifampicin, aspirin, levodopa), or via an immune-mediated pathway by non-thiol drugs (eg cephalosporin, penicillin, enalapril), with both pathways leading to acantholysis. 37 Bullous pemphigoid, on the other hand, is most often associated with thiol drugs. 5, 37 In linear IgA bullous dermatosis, vancomycin is the most common culprit drug.
37
While most of our reports of bullous eruptions did not specify the type of bullous disorder, we did receive reports of vancomycinassociated linear IgA bullous dermatosis, bullous pemphigoid secondary to enalapril, pemphigus vulgaris associated with captopril, as well as with pemphigus with rifampicin.
| Photosensitivity
Drugs often associated with photosensitivity (eg tetracyclines, thiazides, chlorpromazine, amiodarone) were also elucidated by our study. 5, 38, 39 Although entecavir is not known to cause photosensitivity reactions, there were two such reports in our database, one of which was confirmed with skin biopsy showing deep perivascular dermatitis with eosinophils. The elderly patient was on entecavir for 5 months, and recovered 3 months after cessation of drug. Our results also suggest that patients who are female, Chinese or of older age are more likely to develop and report photosensitivity reactions.
The protection offered by melanin in darker-skinned patients could explain the higher reporting of photosensitivity reactions by the Chinese. 
| Alopecia
Drug-induced alopecia could be categorized into anagen effluvium (ie hair growth phase) or telogen effluvium (ie resting phase). 41 Anagen hair loss is often dose related and commonly associated with chemotherapy, but reports of chemotherapyinduced alopecia are lacking from the AE database. One reason is that expected reactions such as these tend to be under-reported.
Telogen hair loss is linked to a wider variety of endogenous and exogenous factors, such as major surgery, serious illness, (14); Sulfasalazine (9); Diclofenac (9); Omeprazole (8) The number of drugs involved ≠ number of reports for CADR as more than 1 drug could be suspected in a single report.
childbirth, malnutrition, stress, and drugs (eg beta blockers, valproic acid, leflunomide), hence it is more difficult to pinpoint a drug as the causative agent.
Of the six azathioprine reports, four of them were accompanied by pancytopenia or severe neutropenia. Interestingly, in a study on azathioprine side effects in Chinese patients with systemic lupus erythematosus, five out of 126 patients exhibited alopecia, and all five developed leukopenia subsequently. Although it cannot be conclusively said that alopecia and leukopenia are related due to limited data, the study suggested that alopecia could be a sign of hematological toxicity, prompting early reduction or cessation of azathioprine. 
| Skin discoloration
Drugs often implicated in causing skin discoloration are amiodarone, tetracycline, NSAIDs, antimalarials, and psychotropic drugs.
Amiodarone is associated with slate-gray pigmentation in unprotected light exposed skin areas, especially in light-skinned individuals on prolonged therapy. This hyperpigmentation is due to the accumulation of amiodarone and its metabolites in the skin.
43,44
Long term use of tetracyclines are also known to cause abnormal pigmentation. With minocycline, especially when used long term for treatment of acne, pigments are deposited as a result of an insoluble minocycline-melanin complex. 45 Our study found that females are more likely to report drug-induced skin discoloration.
Although Indians make up about 9.2% of the local population, 16 there appears to be a greater proportion of reports of skin discoloration from Indians (20.0%).
| CON CLUS ION
While our analysis did not detect any new associations or drug signals, it is interesting to note that CADRs such as SJS/TEN, photosensitivity and skin discoloration seem to be reported more frequently in Malays, Chinese, and Indians, respectively. However, given the limitations of the spontaneous reporting system, these observations should be taken into context. To overcome these limitations, HSA is looking into leveraging on electronic medical records to detect ADRs, including SCARs. With information on race, diagnoses, and medication history, it will become possible to explore the distribution of various CADRs across different races.
In summary, we have analyzed a large dataset of over 100 000 CADR reports from a 10-year period and identified the types of CADRs reported, as well as their associated drugs, latency periods, and patient characteristics. Such information could add value to healthcare professionals as they assess CADR cases and evaluate suspected drugs. Timely and accurate identification of the causative drug can enable HCPs to take the appropriate actions and improve patient clinical outcome.
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